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(54) CONDUCTION CONTROLLER FOR ELECTRIC MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a larger motor output, while 
protecting switching elements against thermal breakdown. 
SOLUTION: Temperature sensors 19, 20, 21 are disposed as 
closely as possible to switching elements 12a, 13a. 14a of intense 
temperature rise among pairs of switching elements 1 2a. 1 2b. 1 3a 
13b, 14a, 14b in respective drivers 12, 13. 14 of a three-phase SR 
motor 1 1. A drive current designated value generating circuit 22 of 
the SR motor 1 1 determines a drive current target value It which 
satisfies an output request signal Srq. and a drive current allowable 
value Ip for supplying a maximum drive current without causing 
thermal breakdown of the switching element, based on the highest 
temperature detected by the temperature sensors 19, 20, 21. If 
It<Ip, the It is delivered as a drive current designated value Ir to 
switching elements 23, 24, and if It>Ip, the Ip is delivered as a drive 
current designated value Ir to the switching elements 23. 24. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The switching element which opens and closes the current supply line fix>m a power source to an 
electee motor. The current sensor which detects the actual value of the drive current of said electric motor, and 
the tenipCTature sensor by which contiguity arrangement was carried out at said switching element A drive 
current mdicated-value generation means to generate and output the drive current indicated value of said 
electnc motor based on the temperature detected by the signal showing the demand to the output of said electri 
motor, and said temperature sensor, hi the energization control unit of the electric motor equipped with the 
switchmg elOTient dnvmg means which turns on/operates [ off] said switching element so that the drive curren 
wwi^ r H '^i^ current sensor may be made to approximate to the drive current indicated value 

which tius dnve cmrent mdicated-value generation means outputted Said drive current indicated-value 
generation means The dnve current allowed value which is the maximum of the drive current which can be 
supplied, without carrymg out the thermal runaway of said switching element based on the temperature detect© 
by said temperatare sensor while calculating the drive current desired value for filling this demLd based on th« 
signal showmg the demand to the output of said electric motor is calculated. When the calculated drive current 
desired value is under a drive current allowed value, drive current desired value is outputted as said drive 
current indicated value. Moreover, the energization control unit of the electric motor characterized by being 
constituted so that a dnve ciurent allowed value may be outputted as said drive current indicated value, whtn 
dnve current desu-ed value is more than a drive current allowed value. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] Especially invention of this application relates to the energization control device of the 
K- so that the switching element (switching transistors, such as a gate insulation-type 

/^'^A °Pu^ """^^^ '"PP'y ""^ ^ P°^«r source to an electric motor 

might be protected from a thermal runaway about the energization control device of electric motors, such as an 
electnc motor for transit of an electric vehicle 
[0002] 

^ST7l9^oSlTrnZV ^^ this conventional kind of equipment, the thing of a publication is, for example 
m JP 7-194094,A. Convmtionally [ this ], m equipment, install a temperature sensor near the switching elemen 
which opens and closes tfie cuirent supply line from a power source to an electric motor, or a temperature 
sensor is installed in the interior of a switching element. It is predetermined temperature (it is the temperature 
detected m the location of a temperature sensor when a temperature sensor installs near the switching element 
and the temperature of a switchmg element turns into temperature somewhat lower than the upper limit 
temperature which a thennal runaway produces) about the temperature detected by this tempa-ature sensor It 
compares that it is temperature somewhat lower than the upper limit temperature of a switching element when ; 
temperatare sensor is installed m the ulterior of a switching element. When the former is larger than the latter II 
IS constituted so that the dnve current desired value of the electric motor for which it asked based on the output 
request of an electnc motor may be reduced by the predetermined reduction ratio. The above-mentioned 
reduction ratio mcreases corresponding to the difference of the detection temperature of a temperature sensor 
and predetenmned temperature, and when the temperature of a switching element turns into upper limit 
temperature. It consists of temperature detected by the temperature sensor so that a reduction ratio may become 
1 00% and dnve current desu-ed value may be made into zero 
[0003] 

[Problem(s) to be Solved by the Invention] In order to prevent the thennal nmaway of a switching element 
certainly m above conventional equipment from becoming large with increase of the drive cuirent supplied to 
an electnc motor, the temperature rise of a switching element will set up the above-mentioned reduction ratio S( 
that It may be coped with, when the greatest drive cunent is supplied. In this case, also when the detection 
temperature of a temperature sensor exceeds predeteraiined temperature in the midst which supplies the drive 
cunent smaller th^ maximum, a drive cun-ent is reduced by the above-mentioned reduction ratio. However th. 
Si^^r® nse of the switching element in the case of supplying the drive cunent smaller than maximum is 
smaller than the temperature nse m the case of supplying the greatest drive cunent. Reducing a drive cun-ent b\ 
the same reduction ratio as the case where the greatest drive cunent is supplied, also when the detection 
temperature of a temperature sensor exceeds predetennined temperature to the midst which supplies the drive 
cmrent smaller than maxunum Although there is no possibility that the temperature of a switching element may 

l^^^l^"^"^^^ ^^"^^ "^P^ temperature, a drive current will be restricted small and a 
motor output will be restncted small. a 

[0004] Inv^tion of claim 1 of this application aims at enabling it to obtain a bigger motor output, protecting a 
switching element from a thennal runaway. uuipui, proiecimg a 

[0005] 

[Means for Solving the Problem] The switching element to which invention of claim 1 of this application opens 
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and closes the current supply line from a power source to an electric motor, The current sensor which detects 
the actual value of the drive current of said electric motor, and the temperature sensor by which contiguity 
arrangement was carried out at said switching element, A drive current indicated- value generation means to 
generate and output the drive current indicated value of said electric motor based on the temperature detected t 
the signal showing the demand to the output of said electric motor, and said temperature sensor, In the 
energization control imit of the electric motor equipped with the switching element driving means which turns 
on/operates [ off] said switching element so that the drive current actual value detected by said current sensor 
may be made to approximate to the drive current indicated value which this drive current indicated- value 
generation means outputted Said drive current indicated-value generation means The drive current allowed 
value which is the maximum of the drive current which can be supplied, without carrying out the thermal 
runaway of said switching element based on the temperature detected by said temperature sensor while 
calculating the drive current desired value for filling this demand based on the signal showing the demand to tit 
output of said electric motor is calculated. When the calculated drive current desired value is under a drive 
current allowed value, drive current desired value is outputted as said drive current indicated value. Moreover, 
when drive current desired value is more than a drive cxirrent allowed value, it is the energization control unit c 
the electric motor characterized by being constituted so that a drive current allowed value may be outputted as 
said drive current indicated value. 

[0006] Such an energization control unit of a configuration The drive current allowed value which is the 
maximum of the drive current which can be supplied, without carrying out the thermal runaway of said 
switching element based on the temperature detected by said temperature sensor while calculating the drive 
current desired value for filling this demand based on the signal showing the demand to the ou^ut of an electri 
motor is calculated. When drive current desired value is under a drive current allowed value, drive current 
desired value is outputted as drive current indicated value. Moreover, since a drive current allowed value is 
outputted as drive current indicated value when drive current desired value is more than a drive current allowec 
value, a bigger motor output can be obtained, protecting a switching element from a thermal runaway. 
[0007] In the above-mentioned energization control xxnit, a drive current indicated-value generation means 
computes and map-izes various drive current allowed values corresponding to various detection temperature oi 
a temperature sensor beforehand, and stores them in memory, it can constitute so that the drive current allowed 
value corresponding to the detection temperature of a temperature sensor may be read from memory, and also i 
can be constituted so that a drive current allowed value may be calculated by the operation from the detection 
temperature of a temperature sensor. Moreover, a temperature sensor can protect a switching element from a 
thermal runaway, even if the thing which open and close the current supply line from a power source to each 
phase coil of an electric motor and which is constituted so that it may install for every switching element and 
highest temperature may be made into switching element temperature among the detection temperature of thes< 
temperature sensors is desirable and drives an electric motor by this in the state of a lock (energization is 
performed only in a plane 1 coil). 
[0008] 

[Embodiment of the Invention] Drawing 1 is the block diagram showing the configuration of the energization 
control device 10 of the switched reluctance motor (SR motor is called hereafter) 1 1 of the three phase circuit 
applied to the electric motor for transit of an electric vehicle. The driver 12 which includes the switching 
elements (IGBT) 12a and 12b of the pair to which the energization control unit 10 opens and closes the current 
supply line from DC power supply B to the plane 1 coil of the SR motor 1 1 , The driver 1 3 which includes the 
switching elements (IGBT) 13a and 13b of the pair which opens and closes the current supply line from DC 
power supply B to 2 phase coil of the SR motor 1 1, The driver 14 which includes the switching elements 
(IGBT) 14a and 14b of the pair which opens and closes the current supply line from DC power supply B to the 
three-phase-circuit coil of the SR motor 11, The current sensor 15 which outputs the analog signal (electrical 
potential difference) lal with which the actual value of the drive current of the plane 1 coil of the SR motor 1 1 
is detected, and it is expressed. The current sensor 16 which outputs the analog signal (electrical potential 
difference) Ia2 with which the actual value of the drive current of 2 phase coil of the SR motor 1 1 is detected, 
and it is expressed. It has the current sensor 17 which outputs the analog signal (electrical potential difference) 
Ia3 with which the actual value of the drive current of the three-phase-circuit coil of the SR motor 1 1 is 
detected, and it is expressed. 
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[0009] The angle-of-rotation sensors 18, such as a resolver which outputs the digital signal Ar with which the 
energization control device 10 detects angle of rotation of Rota of the SR motor 1 1 further, and it is expressed, 
Switching element 12a with the more intense temperature rise by the energization to each phase coil among the 
switching elements of each pair of drivers 12-13, The temperature sensors 19, 20, and 21 which output the 
analog signals (electrical potential difference) Tsl, Ts2, and Ts3 with which contact arrangement is carried out 
respectively on the driver side face or base possible nearest to 13a and 14a, the temperature in homotopic is 
detected, and it is expressed, respectively. The drive current indicated-value generation circuit 22 which output 
the drive current indicated-value signal (electrical potential difference) Irl of the plane 1 coil of the SR motor 
1 1, the drive current indicated-value signal (electrical potential difference) Ir2 of 2 phase coil of the SR motor 
11, and the drive current indicated-value signal (electrical potential difference) Ir3 of the three-phase-circuit co 
of the SR motor 1 1, As compared with the drive current indicated value Irl , an analog signal lal so that an 
analog signal lal may be made to approximate to an analog signal Irl (the actual value of the drive current of a 
plane 1 coil is made to approximate to indicated value like) Switching element 12a, An analog signal Ia2 is 
compared with the switching element drive circuit 23 which tums on/operates [ off] 12b with an analog signal 
Ir2. The switching element drive circuit 24 which tums on/operates [ off] switching elements 13a and 13b so 
that an analog signal Ia2 may be made to approximate to an analog signal Ir2 (the actual value of the drive 
current of 2 phase coil is made to approximate to indicated value like), As compared with an analog signal Ir3, 
an analog signal Ia3 so that an analog signal Ia3 may be made to approximate to an analog signal Ir3 (the actua 
value of the drive current of a three-phase-circuit coil is made to approximate to indicated value like) Switchinj 
element 14a, It has the switching element drive circuit 25 which tums on/operates [ off] 14b. 
[0010] The demand signals (accelerator opening signal etc.) Srq over the output of the SR motor 1 1, the analog 
signal Ar which the angle-of-rotation sensor 18 outputs, and the analog signals Tsl, Ts2, and Ts3 which 
temperature sensors 19-21 output are inputted into the drive current indicated- value generation circuit 22. A 
microcomputer for the drive current indicated-value generation circuit 22 to ask for the target torque Ttq of the 
SR motor 1 1 , the rotational speed Sp of the SR motor 1 1 , etc., The target torque Ttq and the drive cxirrent 
desired value It map corresponding to rotational speed Sp, The drive current allowed value map which is the 
maximum of the drive current which can be supplied, without carrying out the thermal runaway of the switchin 
element at the temperature detected by temperature sensors 19-20, The memory which stores the energization 
pattem (drive cxirrent value for every angle of rotation of Rota is expressed) map corresponding to the 
energization pattem number contained in the drive current desired value It map or the drive current allowed 
value Ip map etc. and which is not rewritable. It consists of rewritable memory which stores the energization 
pattem of each determined phase, a circuit which reads the drive current value corresponding to the Rota angle 
of rotation from this memory, and is outputted as drive current indicated value, and as shown in the flow chart 
of drawing 2 , it operates. 

[001 1] In drawing 2 , if a power source is turned ON, initialization will be first performed at step SI, and, 
subsequently the demand signal Srq, the output signal Ar of the angle-of-rotation sensor 1 8, and the output 
signals Tsl, Ts2, and Ts3 of temperature sensors 19, 20, and 21 will be read at step S2. Subsequently, it judges 
whether the change of state of the demand signal Srq occurred at step S3, and if a change of state occurs, while 
determining the desired value Ttq of the output torque of the SR motor 1 1 based on the demand signal Srq in 
step S4, a torque modification flag is set. Subsequently, it judges whether based on the output signal Ar of the 
angle-of-rotation sensor 1 8, the rotational speed Sp of the SR motor 1 1 was computed at step S5, and, 
subsequently to rotational speed SP, there was any change at step S6. It progresses to step S8, after reading the 
output-torque desired value Ttq calculated from the drive current desired value map at step S4, the drive curren 
desired value It corresponding to the motor rotational speed SP for which it asked at step S5, and an 
energization pattem number at step S7, if rotational speed SP has change. Moreover, if there is no change of 
rotational speed as a result of a judgment, it will judge whether whether there being any change of the target 
torque Ttq at step S7 and the torque modification flag in step S6 that is, are ON, and if changeless and step S2 
has return and change, it will progress to step S8. 

[0012] In step S8, subsequently read in and the maximum temperature are searched for for the drive ciirrent 
desired value It and an energization pattem number as detection temperature Ts in step S9 from a drive current 
desired value It map among the detection temperature Tsl, Ts2, and Ts3 of temperature sensors 19-21, and, 
subsequently the drive current allowed value Ip and energization pattem number corresponding to the detection 
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temperature Ts are read from a drive current allowed value Ip map at step SIO. The drive current allowed value 
Ip map is created based on the drive current allowed value Ip to the temperature sensor detection temperature 1 
of drawing 3 , and the drive current allowed value Ip is calculated by the formula next. 

[0013] Ip=(Tj-Ts)A^on-Rth ~ however Tj It judges whether the drive current desired value It is under the drive 
current allowed value Ip at step SI 1 by the thermal resistance following ** between a switching element and ai 
ONDO sensor. : - electrical-potential-difference Rthbetween EMMITA-coUectors: at the time of ON of the 
upper limit temperature VoniSUIICHINGU component of a switching element - It progresses to step SI 4, aftc 
making drive current indicated value Ir into the drive current allowed value Ip at step SI 3, if that progresses to 
step SI 4 and is not right after making drive ciurent indicated value Ir into the drive cxirrent desired value It at 
step SI 2, if that is ri^t. 

[0014] After generating the energization pattern of each phase based on the drive current indicated value Ir and 
the energization pattern nimiber which were determined in step S 12 or SI 3 in step SI 4 and outputting each 
phase drive cxirrent indicated value Irl , Ir2, and Ir3 based on each phase energization pattern and the include- 
angle signal Ar at step SI 5 subsequently, it returns to step S2. 

[0015] Although each of the drivers 12, 13, and 14 shown in drawing 1 contains the switching element of a pai 
as a component, there is also a thing of a configuration of having only one switching element as a driver of an 
electric motor, and invention of this application can be applied also to such an electric motor. 
[0016] Moreover, when it is constituted so that the driver of an electric motor may be arranged on a cooling 
plate and conduction of the cooling medium may be carried out into a cooling plate, it is desirable to control th- 
amount of conduction of a cooling medium depending on the temperature detected with the temperature sensor 
so that detection temperature is high and the amoimt of cooling-medium conduction increases 
[0017] 

[Effect of the Invention] In the energization control xmit of the electric motor built over invention of this 
application as explained above The drive current allowed value which is the maximum of the drive current 
which can be supplied, without carrying out the thermal runaway of said switching element based on the 
temperature detected by said temperature sensor while calculating the drive current desired value for filling thir 
demand based on the signal showing the demand to the output of an electric motor is calculated. When drive 
current desired value is vmder a drive current allowed value, drive current desired value is outputted as drive 
current indicated value. Moreover, since a drive current allowed value is outputted as drive current indicated 
value when drive current desired value is more than a drive current allowed value, a bigger motor output can b< 
obtained, protecting a switching element from a thermal runaway. 
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3>f;KDlE«imifeJg^fflfi-^ (miE) I r 2. RO^SR 

*-^i i(ozvA:n^}V(omsbmmmmm^ («ee) 

I r 3?:ffi;tF'r^fgSimiJSlfg^fii^lpIK2 2 T:^ 
n^m-^ I a 1 ^IgS&^Jg^ti I r 1 iJrblJLr. r 
:^ca^m■^I a l^r:fP^fi-^I r 1 «:jfi<H3i*^ J; 

•if^^cfc^W:) j:^-Y-;^^>yj^^l 2a. 12b<S::^->/ 

P^^e-tl a2^T:^n^^m^I r2<hJ:kl5Lr. T:h 
n^/g-^I a2^r:^Pi^1t'^I r 2fcia<K$-ti-^J:^ 
cc (2ffln>i^;PCD|gi6^oSI^«i;&}g7j^fflK:i51HS'i± 
SJc^tC) '>^>^^T-1 3 a. I3b^:t>/:t 

ifmm a3^r:^P^fi■^I r 3 tCiSjH^if ^<J: ^ tc 
( 3 tin ^I'^IBttmSSoH^fii^f g^fflCcia<E($ 1^ -5 
<J:^Cc) xw'':'^>y^^l 4 a. 1 4 b^:^->/':r:7 

a6f^$i±^x>f ^>5^>tj/^^^|gtti5iffi2 5 i^M^rti 
[0010] mmmmB^^m^f&M^2 2 ^c«. s r^ 

m-^Ar i. ?ag-fe>l^l 9--2 l^m:b'r^Ti'a^ 
m#TsK Ts2. Ts 3;&5A:t^$n'2». fgtt^SSfg 
?J^ffi*^ilS2 2«. SR^-^r 1 loaSh^l/i'T t 
q-^SR-t-^? 1 1 CDIsI^j^S p^^*a?>-2,/cd?>(Dv 

9 -^2 01^ J: ':>x^ia^ ntcu&t^x :^ ^ if 
^w^^^^mi p^vzfiiC^^nxii^hMM^'^^- 

[0 0 1 i]S2K:*5iir. wsm^>(,ci^ti^t. 9c 
•rxf-':^ ir»jm^^fu. ;^i>rxT--y:7-s2 

X^^m^S T q. lH«te^S-fe>tM 8CDUi:^<i-^A 
r. jaS-feVt^-l 9. 2 0, 2 \(Omt}m^Ts 1, T 
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^^$>ti\t:^Tv:rsAifCX^^m^S r q^X-^c^r s 
R^-dt 1 loUi;tih;i'^©gSfiiTt q^auE-r-Si 

5 ^THiKfle-fevi^ 1 8 <Dm:hm^A r ^a-r^i^T S 
R-t-iJri loniifeiiss postal ;>cc>r;^^-y:/ 
s 6 jcria^ss Pdcmwm r^fcf)^f>^^ni&'r 

[ 0 0 1 2 ] XT* 5. :/S 8 -C^lgSbmSSaSffi 1 t v 

MKT s t ur*«6. ;>cti-c;^'f' 2^ i o uixmmm 

i^Sfii I p V 0 3 cDiajff'fe>1f«lffliaST s cc 

Igibmssi^^gfii I p «;xw:^tc <fc ^ *d66n^. 

[0013] Ip= (Tj-Ts)/Von-Rth 

m L . T j : X >r ^> ^m'¥-<0±mum 30 
Von: X-<-<5^>:J/^^(D:t>Bf<0X:;; ^ 

Rt h : X>r':'^>d^^^i^> F-feVt^P^CD^fiSi 

y:i^rx7-!:;:/s 1 1 tcrfgs&mii^s^fii I t;&sig«jm 

SfeflFSffll P*«r^>^30:>S:;&^^fiJ^L/. ^^r^tlJf 

>^s 1 2 ^xmwjmm^^m i r ^igwrnssas 

ffll itLMk. Xr'5^:/S 1 4CCii^, ^/c-e^r^c 
C:fn«xf - 1 3 k:r|gi&mSgJ§7j^ffl I r ^ffiSftm 
ffil^FSffl I P i L/cft. X^':»:/S 1 4^iitfo 
[0 0 1 4] X7->:/S 1 4CCfct,iT«X7*-;^:/S 1 2 40 

x«s 1 3 ccr^i^^n/ciga&ms^jg^^ i r tmm^^ 

A r tCS-:J^StBIE«imSS£Ji7j^ffl I r K I r 2 . I r 
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coo 1 5] laiCCTnLfcK^-r/^'l 2. 13, 1 4CD 
T-^lo/cl:f«i;i'5>1»^cDt>0[>«>^)0. ^cDcfc^^jr^m 

[00 16] ^/C, m^•^:-:$^(7>K^>f^^'^?^KO± 
[00 17] 

±ot^(fCum»mmmm^mw3mm^frimt vxm 

[SIMOiami^^itt^] 

m 1 ] CCDaiil<D%B^<D-||56?^,^0C^-&SR-=e-3? 

[02] Hl*cDm^©lfflilsIK©»f^^^-r:;'P-^ + 

[0 3] 01ip(^)?aS'fe>-tf7&5«lffll//cMS«!:X-r 

1 1 •••SR^-^ 

12. 13. 1 4--- K^-Y-'^ 

12a. 12b. 13a. 13b. 14a. 14b--- 

15. 16. 1 1'-m^^y^ 

1 8'--n-^ft@p-fe>if 

19. 2 0. 2 1 •••?aS[-fe>1^" 

2 2 - • -IgS&^SJi^ffl^fiSlilK 

2 3. 2 4. 2^'-:^^ v^>ifm^m»mn 
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